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CURVED IMAGING SENSOR PACKAGEL
WITH ARCHITECTED SUBSTRATE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority to and the benefit
of U.S. Provisional Patent Application Ser. No. 63/004,197,

filed on Apr. 2, 2020, 1in the United States Patent and
Trademark Oflice, the entire content of which 1s 1corpo-
rated herein by reference.

FIELD

One or more aspects of embodiments of the present
disclosure relate to a curved 1maging sensor package with an
architected substrate.

BACKGROUND

Recently, the demand for imaging sensors (e.g., optical

imaging sensors), such as complementary metal-oxide-
semiconductor (CMOS) and charge-coupled device (CCD)
sensors for optical imaging systems (e.g., optical cameras),
infrared 1maging systems (e.g., infrared cameras), light
detection and ranging (LIDAR) systems, infrared search and
track (IRST) systems, imaging satellites, etc., has rapidly
increased.

Related art imaging sensors are flat (also referred to as flat
focal plane arrays (FPA)) for ease of manufacture. To project
the incident light (e.g., visible light, infrared radiation, etc.)
onto a flat focal plane, flat imaging sensors generally include
lenses and/or other optical devices so that flat 1imaging
sensor accurately captures and interprets the incident light.
Curved imaging sensors, on the other hand, do not require
the same complex optics as the need to correct for spherical
aberration encountered when projecting incident light onto a
flat focal plane (e.g., the need to create a flat focal plane) 1s
reduced or eliminated. As such, curved imaging sensors
allow for a wider range of lens designs and may be able to
acquire sharper, more detailed 1mages and operate with
lower light levels, thereby extending the operational window
(c.g., the operational parameters) for the imaging device
when compared to related art flat imaging sensors. Also, due
to the reduced optics complexity for curved imaging sen-
sors, the size (e.g., the volume and weight) of the imaging
system may be reduced when compared to flat 1maging
sensors, thereby enabling new applications. Furthermore, a
curved imaging sensor, which has a curved focal plane, may
maintain uniform or substantially uniform 1llumination
across the entire field of view (FOV) for wide FOV 1magers,
and the optical simplicity reduces transmission losses,
thereby increasing the possible frame rate.

Curving a flat imaging sensor (e.g., a flat focal plane array
(FPA)) to have a curved (e.g., spherical) surface 1s challeng-
ing, and curving an imaging sensor about two axes with a
non-zero (Gaussian curvature 1s increasingly challenging as
the size of the imaging sensor increases and the radius of
curvature (ROC) decreases due to increasing strain in the
imaging sensor. Increasing strain in the imaging sensor may
lead to breakage, and when the strain across an 1maging
sensor 1s highly non-linear, which 1s typical when spheri-
cally curving a flat imaging sensor, the output (e.g., the
clectronic response) of the imaging sensor may be consid-
erably shifted, causing concomitant degradation in dark
noise and operability.
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2
SUMMARY

Aspects of embodiments of the present disclosure provide
a curved 1maging sensor package that may be larger and may
be curved to have a tighter radius of curvature than related
art curved 1maging sensors without breakage and without
sullering from degraded imaging performance by including
an architected substrate under an 1maging sensor. The archi-
tected substrate imparts a low-amplitude wrinkling phenom-
enon onto the imaging sensor that reduces deleterious strain
while allowing the imaging sensor (e.g., the FPA) to remain
near the spherical focal surface for accurate 1imaging. For
example, the architected substrate may be coupled (e.g.,
bonded, adhered, deposited, or attached) to a bottom surtace
of an 1maging sensor to form a sensor package, and as the
sensor package (e.g., the sensor-architected substrate lami-
nate) 1s curved, the architected substrate imparts the wrin-
kling phenomenon onto the imaging sensor. Overall, the
imaging sensor will assume the curvature of the mold while
exhibiting low-amplitude wrinkles (e.g., small deviations) 1n
the surface thereol. These wrinkles 1n the imaging sensor
form local changes 1n the bending stifiness (e.g., the flexural
rigidity) of the imaging sensor, which adjusts and/or changes
the stress distribution within the 1maging sensor, thereby
reducing or preventing stress or strain concentrations and
magnitude. Thus, the architected substrate may adjust the
stress distribution across the imaging sensor to mitigate
fallure and 1maging degradation when 1t 1s curved. For
example, the total strain energy 1n the 1imaging sensor may
be reduced by alleviating the compressive strain therein
through the low-amplitude wrinkling that occurs during the
curving such that even large-format imaging sensors (e.g.,
imaging sensors having greater than 55 mm diagonal
lengths) may be curved to relatively tight radii of curvature.
In addition, because the low-amplitude wrinkling occurs on
a sub-pixel scale (e.g., one light recerving element or pixel
1s larger than one wrinkle), there 1s no substantial degrada-
tion 1n 1maging performance as may be expected from a
“wrinkled” 1maging sensor.

According to an embodiment, an 1maging sensor package
includes: an 1maging sensor; and an architected substrate
coupled to a bottom surface of the imaging sensor. The
architected substrate has local stiflness variations along an
in-plane direction of the architected substrate, and the 1imag-
ing sensor and the architected substrate are curved.

The mmaging sensor may 1include a detector arranged
between a readout integrated circuit and an antireflective
coating.

The imaging sensor and the architected substrate may be
spherically curved.

The architected substrate may have thickness variations
along the in-plane direction thereof.

The architected substrate may have a plurality of discon-
tinuous portions.

The architected substrate may include a plurality of
sandwich panels with a core between the sandwich panels.

The core may include a plurality of core members extend-
ing between the sandwich panels.

The core members may be arranged 1n a prismatic, lattice,
or stochastic form.

An outermost one of the sandwich panels may have
openings therein.

An mmnermost one of the sandwich panels may be con-
tinuous along the bottom surface of the imaging sensor.

According to an embodiment, a curved 1imaging sensor
package includes: a curved imaging sensor including a
detector and a readout integrated circuit below the detector,
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the detector including a plurality of light detecting elements
spaced from each other; and a curved architected substrate
coupled to a surface of the readout integrated circuit oppo-
site to the detector. The architected substrate has local
stillness variations along an in-plane direction of the archi-
tected substrate.

The 1maging sensor may be wrinkled, and a wavelength
of the wrinkles may be less than a pitch of the light detecting
clements.

The wavelength of the wrinkles may be less than a size of
the light detecting elements.

An amplitude of the wrinkles may be less than twice the
pitch of the light detecting elements.

The architected substrate may include a plurality of
different materals.

The different materials may be stacked on each other in
layers.

The different materials may be adjacent to each other in
the 1n-plane direction.

The materials may be mixed together at a portion of the
architected substrate.

The materials may include aluminum, copper, nickel,
iron, invar, steel, titantum, molybdenum, tungsten, and/or
bismuth.

The imaging sensor may have a diagonal length of at least
>S5 mm.

According to an embodiment, a method of manufacturing
an 1maging sensor package 1s provided. The method
includes: forming an architected substrate to have local
stiflness variations along an in-plane direction of the archi-
tected substrate; coupling the architected substrate to a
bottom surface of an 1maging sensor; and curving the
imaging sensor with the architected substrate coupled
thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

The patent or application file contains at least one drawing,
executed 1n color. Copies of this patent or patent application
publication with color drawing(s) will be provided by the
Oflice upon request and payment of the necessary fee.

The above-described and other aspects and features of the
present disclosure will be further appreciated and better
understood with reference to the specification, claims, and
appended drawings, in which:

FIG. 1 1s a cross-sectional view of an imaging sensor
packing according to an embodiment of the present disclo-
sure 1n a flat state;

FIG. 2 1s a schematic cross-sectional view of the imaging
sensor package shown in FIG. 1 shown 1n a curved state;

FIGS. 3A-3C show diflerent embodiments of an archi-
tected substrate of the imaging sensor package shown in
FIG. 1;

FIGS. 4A and 4B show finite element analyses of a curved
imaging sensor without an architected substrate;

FIGS. 5A and 5B show finite element analyses of a curved
imaging sensor package according to embodiments of the
present disclosure; and

FIG. 6 1s a graph showing maximum principal stress
distribution across a curved imaging sensor without an
architected substrate compared to a curved 1imaging sensor
package including a radially-patterned architected substrate
according to an embodiment of the present disclosure.

DETAILED DESCRIPTION

The detailed description set forth below, in connection
with the appended drawings, 1s intended as a description of
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example embodiments of the present disclosure and 1s not
intended to represent the only forms in which the present
disclosure may be embodied. The description sets forth
aspects and features of the present disclosure in connection
with the illustrated example embodiments. It 1s to be under-
stood, however, that the same or equivalent aspects and
features may be accomplished by different embodiments,
and such other embodiments are encompassed within the
spirit and scope of the present disclosure. As noted else-
where herein, like reference numerals 1n the description and
the drawings are intended to indicate like elements. Further,
descriptions of features, configurations, and/or other aspects
within each embodiment should typically be considered as
available for other similar features, configurations, and/or
aspects 1n other embodiments.

FIG. 1 shows a cross-sectional view of an imaging sensor
package 100 according to an embodiment of the present
disclosure. In FIG. 1, the imaging sensor package 100 is
shown 1n a flat state for convenience of description. It 1s to
be understood that the imaging sensor package 100 may be
curved 1n one or more directions (e.g., along one or more
axes). Depending on the needs and design of a particular
imaging system, the imaging sensor package 100 may be
curved to have a spherical, aspherical, cylindrical, parabolic,
or any suitable non-planar surface or shape. In one embodi-
ment, the 1maging sensor package 100 may be curved to
have a spherical curvature (e.g., may be curved along two
in-plane axes) (see, e.g., FIGS. SA and 5B).

Referring to FIG. 1, the imaging sensor package 100
includes an 1maging sensor 10 coupled to an architected
substrate (e.g., a patterned substrate) 20. Together, the
imaging sensor 10 and architected substrate 20 may be
referred to as the sensor-substrate laminate or simply as the
imaging sensor package 100.

The 1imaging sensor 10 may include a readout integrated
circuit 11, a detector 12 on the readout integrated circuit 11,
and an antireflective coating 13 on the detector 12. The
architected substrate 20 1s arranged below (e.g., 1s coupled
to a bottom surface of) the readout integrated circuit 11. In
some embodiments, the imaging sensor 10 may be formed
(e.g., separately formed) and then coupled to the architected
substrate 20. But in other embodiments, a complete (e.g.,
unpatterned) substrate may be coupled to the imaging sensor
10 and then patterned to form the architected substrate 20.

The detector 12 may include a plurality of light sensing
clements, and the readout integrated circuit 11 may act as a
substrate for the light sensing elements. The imaging sensor
10 may be sensitive to (e.g., may receive and interpret)
different wavelength ranges of light based on the composi-
tion of the detector 12. For example, the detector 12 may be
sensitive to visible or infrared (IR) light, and the infrared
light may be near infrared radiation (NIR), short-wave
infrared radiation (SWIR), medium-wave infrared radiation
(MWIR), and/or long-wave inirared radiation (LWIR).

Infrared sensing detectors (e.g., inirared sensing ele-
ments) may include a Type II strained layer superlattice
(SLS) (e.g., InSb, InAs/InAsSb), a III-V bulk alloy, a
photovoltaic material (e.g., mercury cadmium telluride,
InSh, PbSnTe, PtS1), a photoconductive material (e.g., mer-
cury cadmium telluride, InSb, InGaAs/InP, Ge, doped sili-
con), and/or a microbolometer (e.g., vanadium oxide or
amorphous silicon). Visible light detectors (e.g., visible light
sensing elements) may include a charge-coupled device
(CCD) and/or a complementary-metal-oxide semiconductor
(CMOS).

The light sensing elements of the detector 12 may be
spaced from each other by a distance (e.g., may have a pitch)
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in a range from about 1 um to about 40 um and may be
coupled to (e.g., may be formed on) the readout integrated
circuit 11. The readout integrated circuit 11 may include a
substrate formed or (or including) silicon, germanium, and/
or other suitable semiconductor materials and may further
include oxide layers and metal lines to act as the readout
integrated circuit 11.

FIGS. 4A and 4B show finite eclement analyses of an
imaging sensor 10 without the architected substrate 20
curved 1n two directions (e.g., spherically curved). FIG. 4A
shows physical deformation of the imaging sensor 10, and
FIG. 4B shows stress distribution in the imaging sensor 10.

As can be seen 1n FIG. 4A, when the imaging sensor 10
without the architected substrate 20 1s curved, 1t undergoes
uncontrolled wrinkling primarily concentrated at edge cen-
ters, and as can be seen 1n FIG. 4B, the imaging sensor 10
without the architected substrate 20 experiences relatively
high local compressive and tensile stresses.

FIGS. 5A and 5B show finite element analyses of diflerent
embodiments of the 1imaging sensor package, which includes
the 1maging sensor 10 and different embodiments of the
architected substrate 20, that 1s curved 1n two directions
(c.g., that 1s spherically curved). FIGS. 5A and 5B corre-
spond to FI1G. 4B (e.g., show stress distributions) but include
the architected substrates.

FIG. SA shows the stress distributions 1in the 1image sensor
package 200 that includes an island-type (e.g., square pat-
tern) architected substrate 20, which 1s described below in
more detail. FIG. 5B shows the stress distributions in the
image sensor package 300 that includes a radially-patterned
architected substrate 20, which 1s also described below 1n
more detail.

As can be seen 1 FIGS. 5A and 5B, by coupling the
architected substrate 20 to the bottom surface of the imaging
sensor 10, the stress 1s less concentrated 1in the imaging
sensor 10 (e.g., the stress 1s more evenly distributed across
the 1maging sensor 10), which also reduces uncontrolled
wrinkling or buckling by inducing controlled, low-ampli-
tude wrinkling in the imaging sensor 10, discussed further
below. The low-amplitude wrinkling may be considered as
local deviations from the 1deal curved surface.

That 1s, the 1maging sensors 10 in the 1maging sensor
packages 200 and 300, shown 1n FIGS. 5A and 5B, respec-
tively, experience low-amplitude wrinkling. FIG. 2 1s a
schematic cross-section illustration of the imaging sensor
package 100 that shows the low-amplitude wrinkling of the
imaging sensor 10 1 an exaggerated manner for conve-
nience of description.

FIG. 6 1s a graph showing differences 1 maximum
in-plane stress of an 1maging sensor as a function of distance
from a center point thereof. The solid line refers to the
imaging sensor 10 without an architected substrate (see, e.g.,
FIGS. 4A and 4B), and the dotted line refers to the curved
sensor package 300 with the radially-patterned architected
substrate (see, e.g., FIG. 5B). As can be seen, the m-plane
stress 1s much more evenly distributed throughout the 1mag-
ing sensor package 300 that includes the architected sub-
strate than 1n the 1maging sensor 10 without the architected
substrate.

Hereinafter, aspects ol embodiments of the architected
substrate 20 will be described 1n more detail. The architected
substrate 20 reduces the total strain energy in the 1maging
sensor 10 by alleviating compressive strain through the
low-amplitude wrinkling as schematically shown 1n FIG. 2.

The architected substrate 20 may be designed such that
the low-amplitude wrinkling of the imaging sensor 10 does
not affect or substantially affect the imaging quality of the
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imaging sensor 10. For example, the architected substrate 20
may be designed such that the wavelength of the wrinkling
(e.g., the distance between wrinkling peaks) 1s smaller than
the size of one light detecting element (e.g., one pixel); thus,
many or all pixels in the imaging sensor 10 are subject to at
least one and possibly more than one wrinkle, resulting 1n
substantially consistent impact on light collection efliciency
of the light detecting elements and little overall effect on
image output. On the other hand, uncontrolled wrinkling,
such as may be experience by curved imaging sensors
without the architected substrate 20 (see, e.g., FIGS. 4A and
4B) aflects pixels differently (e.g., some pixels may be
subjected to greater wrinkling than other pixels), causmg
some pixels to sufler highly degraded light collection efli-
ciency and variant focal lengths compared to other pixels 1n
the same i1maging sensor, resulting i1s a distorted output
image. Further, the amplitude of the low-amplitude wrin-
kling may also be smaller than the pixel size while the
wavelength expands beyond the size of the pixel, which
improves consistency and output image quality over uncon-
trolled wrinkling. For example, the amplitude may be less
than twice the width of one pixel or may be less than
one-quarter the width of one pixel. In some embodiments,
the average deviation of the pixel normal from ideal is less
than about 45 degrees and may be less than about 10
degrees.

The architected substrate 20 has non-uniform patterning,
such as non-uniform thickness and/or material composition,
which create stiflness variations or discontinuities in the
architected substrate 20. These stiflness discontinuities (e.g.,
areas of relatively high and relatively low stiflness) impart
the low-amplitude wrinkling to the 1imaging sensor 10 as 1t
1s curved (e.g., as 1t 1s curved in a mold). The architected
substrate 20 retains (or substantially retains) i1ts volume
throughout the curving process.

The architected substrate 20 may have a size that 1s longer
in two directions (referred to as in-plane directions) than 1n
a third direction (referred to as an out-of-plane direction). In
some embodiments, the in-plane directions may be a length
direction and a width direction of the architected substrate
20, and the out-of-plane direction may be a thickness
direction of the architected substrate 20.

The architected substrate 20 may be larger (e.g., may have
a larger surface area or volume) or smaller than the 1maging
sensor 10. For example, the mn-plane size (e.g., the surface
area) of the architected substrate 20 may be in a range from
about 40% to about 200% of the mn-plane size (e.g., the
surface area) of the imaging sensor 10. In one embodiment,
the 1n-plane size of the architected substrate 20 and the
imaging sensor 10 may be the same or substantially the
same.

The architected substrate 20 may have an outer profile
having a square, rectangular, circular, elliptical, or arbitrary
shape. In one embodiment, the outer profile (e.g., the outer
peripheral shape) of the architected substrate 20 and the
imaging sensor 10 may be the same or substantially the
same.

The architected substrate 20 may have a thickness (e.g.,
an out-of-plane substrate thickness) in a range between
about 1 um and about 400 um. In some embodiments, the
architected substrate 20 may have a thickness 1n a range
from about 0.5 um to about 5 um or between about 15 um
and about 100 um. When viewed from the perspective of the
ratio of the length of the imaging sensor 10 to the greatest
thickness of the imaging sensor package 100, the ratio will
be between about 20 and about 500. In some embodiments,
the ratio will be between about 20 and about 30 to provides
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regions with larger wrinkling resistance. In other embodi-
ments the ratio may be between about 200 to about 400 to
lower the stored elastic energy 1n the 1imaging sensor pack-
age 100. The thickness of the architected substrate depends
upon ellective mechanical properties of the substrate and
imaging sensor 10, thickness of the imaging sensor 10, pixel
s1ze, and the radi1 of curvature to which the imaging sensor
package 100 1s curved.

The thickness of the architected substrate 20 may vary
along the length and/or width directions (e.g., may vary
along the in-plane position) thereof to create the stiflness
discontinuities therein. In some embodiments, the archi-
tected substrate 20 may be non-continuous (e.g., the thick-
ness may be zero in some areas). In some embodiments,
such discontinuities may be provided such that an 1sland-
type architected substrate 20 including a plurality of separate
pieces 1s provided, and the separate pieces may be individu-
ally coupled to the imaging sensor 10 and not directly
coupled to each other. For example, the architected substrate
20 shown 1n FIGS. 1 and 2 may be an 1sland-type architected
substrate 20 including a plurality of separate pieces 20.1
Similarly, the architected substrate shown 1n FIG. 5A 15 also
an 1sland-type architected substrate. As another embodi-
ment, the architected substrate shown in FIG. 5B has dis-
continuities (e.g., areas of zero thickness) 1s a single com-
ponent as all of the radial fingers of the architected substrate
meet at the center thereof. For ease of description, the
1sland-type architected substrate 20 may be considered as a
single component with O thickness 1n some areas. That 1s, the
thickness of the architected substrate 20 may vary between
tull thickness (100%) and no material present, or discon-
tinuous, (0%) along in-plane positions therecon. At areas
other than any discontinuous area, the thickness may not be
less than 5% the full thickness to reduce risk of breakage or
the like. Further, the thickness of the architected substrate 20
may vary continuously (e.g., the thickness transitions may
be smooth or relatedly smooth) or discretely (e.g., step
differences may be present between different thickness por-
tions).

By varying the thickness of the architected substrate 20
along the 1n-plane position, the imaging sensor 10 1s allowed
to deviate from an 1deal surface when 1t 1s curved (e.g., the
imaging sensor 10 may wrinkle or buckle) i a controlled
manner to mitigate any stress concentrations in the 1maging
sensor 10 during curving (or bending), thereby allowing
tighter radi1 of curvature with lower risk of breakage and
little, 11 any, degradation of the imaging performance. As can
be seen i FIG. 2, for example, the imaging sensor 10
wrinkles at the lower stiflness portions (e.g., the discontinu-
ous portions) of the architected substrate 20. In this manner,
the wrinkling of the imaging sensor 10 may be controlled by
designing the thickness variations in the architected sub-
strate 20).

In some embodiments, the architected substrate 20 may
have local variations 1n density in the out-of-plane direction
(c.g., 1 the thickness direction). For example, 1n some
embodiments, the architected substrate may include (or may
be formed of) sandwich panels with a core (e.g., a prismatic,
lattice, or stochastic core) between the sandwich panels.

Referring to FIG. 3A, the architected substrate 21
includes sandwich panels 21.1, 21.3 with core members 21.2
extending between the sandwich panels 21.1, 21.3 with an
opening 21.4 1n the architected substrate 21 to form a
prismatic architected substrate 21. While only one opening,
21.4 1n the architected substrate 21 i1s shown, the present
disclosure 1s not limited thereto, and the architected sub-
strate 21 may include additional openings therein.
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The architected substrate 21 has a discontinuous area
(e.g., the opening 21.4), which provides a local reduction 1n
stifiness of the architected substrate 21, but 1n other embodi-
ments, the core members 21.2 may be various arranged to
vary the stiflness of the architected substrate 21 along the
in-plane position. For example, the core members 21.2 may
be spaced farther apart from each other 1n some areas of the
architected substrate 21 than 1n other areas thereof to create
the stiflness discontinuities. In other embodiments, the out-
ermost sandwich panel 21.1 and the core members 21.2 may
be removed in one area, leaving only the mnermost sand-
wich panel 21.3, thereby also creating a local area of reduced
stiflness.

Reterring to FIG. 3B, the architected substrate 22 includes
a stochastic core 22.2 between sandwich panels 22.1, 22.3,
with an opening 22.4 therein.

Referring to FIG. 3C, the architected substrate 23 has core
members 23.2 with openings 23.4 1n only the outermost
sandwich panel 23.1, forming a T-shaped architected sub-
strate 23. For example, the innermost sandwich panel 23.3
may extend along the entire imaging sensor 10 and openings
23.4 may only be in the outermost sandwich panel 23.1, but
this 1s merely an example.

In some embodiments, the core (or core member) of the
architected substrate 20 may be a microtruss, as provided,
for example, in U.S. Pat. Nos. 7,653,279, and 7,382,959, the
entire content of each of which 1s incorporated herein by
reference.

The architected substrate 20 may include (or may be
formed of) a stifl, ductile material having a modulus that 1s
greater than about 2 GPa and, in some embodiments, 1s
greater than about 70 GPa.

The architected substrate 20 may have a strain to failure
of about 0.5% or greater and, 1n some embodiments, may
have a strain to failure of greater than about 5%.

The coeflicient of thermal expansion (CTE) of the archi-
tected substrate 20 may be between about 0 and about 15
ppm/K and, 1n some embodiments, may be between about 1
ppm/K and about 8 ppm/K.

The architected substrate 20 may include (or may be
formed of) metals and metal alloys, including but not limited
to, aluminum, copper, nickel, 1ron, mvar, titanium, molyb-
denum, steel, tungsten, and/or bismuth. In some embodi-
ments, the architected substrate 20 may include (or may be
formed of) a polymer.

In some embodiments, and as another way of forming
local stiflness variations, the architected substrate 20 may
include a plurality of diflerent materials, and the material
composition may vary throughout the architected substrate
20. For example, the material composition of the architected
substrate 20 may be a function of in-plane position, out-oi-
plane position, or both, and the change in matenial or
composition may be discrete or continuous (e.g., the mate-
rials may be mixed together and/or partially mixed together
at areas of the architected substrate 20).

The thickness, material, and compositional changes
described above may or may not follow a pattern.

In some embodiments, the imaging sensor 10 and the
architected substrate 20 may be separately formed and then
coupled to each other prior to being curved. When the
architected substrate 20 has discontinuous portions (e.g., 1s
an 1sland-type architected substrate), 1t may be considered
that a plurality of architected substrates are coupled to the
imaging sensor. Similarly, when the architected substrate 20
has material variations in the out-of-plane direction (e.g., the
thickness direction), it may be considered that a plurality of
architected substrates are coupled to the imaging sensor 10
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in the form of layers. For convenience of description, even
embodiments including a plurality of architected substrates
20, the overall architected substrate 20 will be referred to 1n
the singular form.

The architected substrate 20 may be coupled to the
imaging sensor 10 (e.g., to a bottom surface of the readout
integrated circuit 11) by bonding (e.g., a fuse or welding
operation), adhering (e.g., using a thermosetting polymer,
such as an epoxy or pressure sensitive adhesive), depositing
(e.g., electroplating, electroless plating, plasma spray,
chemical vapor deposition (CVD), electron-beam CVD,
sputter coating, etc.), or attaching (e.g., spin-coating of a
polymer followed by UV or thermal cure).

The architected substrate 20 and the 1maging sensor 10
may be coupled to each other either when the 1imaging sensor
10 1s at the water level (e.g., when a plurality of 1imaging
sensors 10 are jomned together on a single waler) or after
singulation of the mndividual imaging sensors 10.

An interfacial layer may be coupled to the architected
substrate 20 before coupling it to the imaging sensor 10 to
promote coupling therebetween. In some embodiments, a
primer layer and/or a seed layer may also be formed on the
architected substrate 20. Further, in some embodiments, an
interfacial layer may be coupled to the imaging sensor 10
betore coupling 1t with the architected substrate 20 to
promote coupling therebetween. In some embodiments, a
primer layer and/or a seed layer may also be formed on the
imaging sensor 10 (e.g., on the bottom surface of the readout
integrated circuit 11).

In some embodiments, an upper substrate may be coupled
to the upper (1maging) surface of the imaging sensor 10 over
the antiretlective coating 13. The upper substrate may be
transparent to the light spectrum of interest to the imaging,
sensor 10 and may be epitaxially matched to the detector 12
and/or to the substrate of the readout itegrated circuit 11.
For example, the upper substrate may be formed of (or may
include) GaAs and/or GaSb. In some embodiments, the
upper substrate may correct for a CTE mismatch between
the layers of the imaging sensor 10 and, in such embodi-
ments, may include (or may be formed of) Si.

The device(s) of the imaging sensor and/or any other
relevant devices or components according to embodiments
of the present disclosure described herein may be imple-
mented utilizing any suitable hardware, firmware (e.g. an
application-specific itegrated circuit), software, or a com-
bination of software, firmware, and hardware. For example,
the various components of the device may be formed on one
integrated circuit (IC) chip or on separate 1C chips. Further,
the various components of the device may be implemented
on a flexible printed circuit film, a tape carrier package
(TCP), a printed circuit board (PCB), or formed on one
substrate. Further, the various components of the device may
be a process or thread, running on one or more processors,
in one or more computing devices, executing computer
program 1nstructions and interacting with other system com-
ponents for performing the various functionalities described
herein. The computer program instructions are stored 1n a
memory which may be implemented 1n a computing device
using a standard memory device, such as, for example, a
random access memory (RAM). The computer program
istructions may also be stored in other non-transitory
computer readable media such as, for example, a CD-ROM,
flash drive, or the like. Also, a person of skill in the art
should recognize that the functionality of various computing
devices may be combined or integrated into a single com-
puting device, or the functionality of a particular computing,
device may be distributed across one or more other com-
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puting devices without departing from the scope of the
exemplary embodiments of the present disclosure.

It will be understood that, although the terms “first”,
“second”, “third”, etc., may be used herein to describe
various elements, components, regions, layers, levels, and/or
sections, these elements, components, regions, layers, lev-
cls, and/or sections should not be limited by these terms.
These terms are only used to distinguish one element,
component, region, layer, level, or section from another
clement, component, region, layer, level, or section. Thus, a
first element, component, region, layer, level, or section
discussed below could be termed a second element, com-
ponent, region, layer, level, or section, without departing
from the spirit and scope of the mventive concept.

Spatially relative terms, such as “beneath”, “below”,

“lower”, “under”, “above”, “upper” and the like, may be

used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as 1llustrated in the figures. It will be understood that such
spatially relative terms are intended to encompass diflerent
orientations of the device in use or 1n operation, 1n addition
to the orientation depicted 1n the figures. For example, 11 the
device 1n the figures 1s turned over, elements described as
“below” or “beneath” or “under” other elements or features
would then be onented “above” the other elements or
teatures. Thus, the example terms “below™ and “under” can
encompass both an orientation of above and below. The
device may be otherwise oriented (e.g., rotated 90 degrees or
at other onentations) and the spatially relative descriptors
used herein should be interpreted accordingly. In addition, 1t
will also be understood that when a layer 1s referred to as
being “between” two layers, 1t can be the only layer between
the two layers, or one or more intervening layers may also
be present.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of the mventive concept. As used herein, the terms
“substantially,” “about,” and similar terms are used as terms
of approximation and not as terms ol degree, and are
intended to account for the inherent deviations 1n measured
or calculated values that would be recognized by those of
ordinary skill in the art. As used herein, the term “major
component” means a component constituting at least hall,
by weight, ol a composition, and the term “major portion™,
when applied to a plurality of items, means at least half of
the 1tems.

As used herein, the singular forms “a” and “‘an” are
intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further under-
stood that the terms “comprises” and/or “comprising”’, when
used 1n this specification, specily the presence of stated
features, integers, steps, operations, elements, and/or com-
ponents, but do not preclude the presence or addition of one
or more other features, integers, steps, operations, elements,
components, and/or groups thereof. As used herein, the term
“and/or” includes any and all combinations of one or more
of the associated listed items. Expressions such as “at least
one of,” when preceding a list of elements, modily the entire
list of elements and do not modifly the individual elements
of the list. Further, the use of “may” when describing
embodiments of the inventive concept refers to “one or more
embodiments of the present disclosure”. Also, the terms
“exemplary” and “‘example” are intended to refer to an
example or illustration. As used herein, the terms “use,”
“using,” and “used” may be considered synonymous with
the terms “utilize,” “utilizing,” and *“utilized,” respectively.
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It will be understood that when an element or layer 1s

referred to as being “on”, “connected to”, “coupled to”, or

“adjacent to” another element or layer, 1t may be directly on,
connected to, coupled to, or adjacent to the other element or
layer, or one or more intervening elements or layers may be
present. In contrast, when an element or layer 1s referred to
as being “directly on”, “directly connected to”, “directly
coupled t0”, or “immediately adjacent to” another element
or layer, there are no intervening elements or layers present.

Any numerical range recited herein 1s intended to include
all sub-ranges of the same numerical precision subsumed
within the recited range. For example, a range of “1.0 to
10.0” 1s mtended to include all subranges between (and
including) the recited minimum value of 1.0 and the recited
maximum value of 10.0, that 1s, having a minimum value
equal to or greater than 1.0 and a maximum value equal to
or less than 10.0, such as, for example, 2.4 to 7.6. Any
maximum numerical limitation recited herein 1s intended to
include all lower numerical limitations subsumed therein
and any minimum numerical limitation recited 1n this speci-

fication 1s intended to include all higher numerical limita-
tions subsumed therein.

Although example embodiments of a curved i1maging
sensor package with an architected substrate have been
described and illustrated herein, many modifications and
variations within those embodiments will be apparent to
those skilled 1n the art. Accordingly, 1t 1s to be understood
that a curved 1maging sensor package with an architected
substrate according to the present disclosure may be embod-
ied in forms other than as described herein without departing
from the spirit and scope of the present disclosure. The
present disclosure 1s defined by the following claims and
equivalents thereof.

What 1s claimed 1s:
1. An 1maging sensor package comprising:
an 1maging sensor comprising a detector, the detector
comprising a plurality of light sensing elements; and

an architected substrate coupled to a bottom surface of the
imaging sensor, the architected substrate having open-
ings extending entirely therethrough from a surface
contacting the bottom surface of the imaging sensor to
an opposite surface thereol to form local stifiness
variations along an in-plane direction of the architected
substrate,

wherein the 1imaging sensor and the architected substrate

are curved, and

wherein the openings 1n the architected substrate overlap

with the light sensing element in a stacking direction
from the architected substrate to the imaging sensor.

2. The imaging sensor package of claim 1, wherein the
imaging sensor further comprises a readout integrated circuit
and an antireflective coating, and

wherein the detector 1s arranged between the readout

integrated circuit and the antiretlective coating.

3. The imaging sensor package of claim 2, wherein the
imaging sensor and the architected substrate are spherically
curved.

4. The imaging sensor package of claim 3, wherein the
architected substrate has thickness variations along the 1n-
plane direction thereof.

5. The imaging sensor package of claim 4, wherein the
architected substrate has a plurality of discontinuous por-
tions.

6. An 1maging sensor package comprising:

an 1maging sensor; and
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an architected substrate coupled to a bottom surface of the
imaging sensor, the architected substrate having local
stiflness variations along an in-plane direction of the
architected substrate,

wherein the 1maging sensor and the architected substrate
are curved, and

wherein the architected substrate comprises a plurality of
sandwich panels with a core between the sandwich
panels.

7. The 1imaging sensor package of claim 6, wherein the
core comprises a plurality of core members extending
between the sandwich panels.

8. The imaging sensor package of claim 7, wherein the
core members are arranged 1n a prismatic, lattice, or sto-
chastic form.

9. The imaging sensor package of claim 7, wherein an
outermost one of the sandwich panels has openings therein.

10. The imaging sensor package of claim 9, wherein an
innermost one of the sandwich panels 1s continuous along
the bottom surface of the 1imaging sensor.

11. A curved 1maging sensor package comprising:

a curved i1maging sensor comprising a detector and a
readout integrated circuit below the detector, the detec-
tor comprising a plurality of light detecting elements
spaced from each other; and

a curved architected substrate coupled to a surface of the

readout integrated circuit opposite to the detector, the

architected substrate having local stifiness variations
along an 1n-plane direction of the architected substrate,
wherein the 1maging sensor 1s wrinkled, and
wherein a wavelength of the wrinkles 1s less than a pitch
of the light detecting elements.

12. The curved image sensor package of claim 11,
wherein the wavelength of the wrinkles 1s less than a size of
the light detecting elements.

13. The curved image sensor package of claim 11,
wherein an amplitude of the wrinkles 1s less than twice the
pitch of the light detecting elements.

14. The curved i1mage sensor package of claim 11,
wherein the architected substrate comprises a plurality of
different materals.

15. The curved image sensor package of claim 14,
wherein the different materials are stacked on each other in
layers.

16. The curved image sensor package of claim 14,
wherein the diflerent maternials are adjacent to each other in
the 1n-plane direction.

17. The curved image sensor package of claim 14,
wherein the materials are mixed together at a portion of the
architected substrate.

18. The curved image sensor package of claim 14,
wherein the materials comprise aluminum, copper, nickel,
iron, 1nvar, steel, titammum, molybdenum, tungsten, and/or
bismuth.

19. The curved i1mage sensor package of claim 11,
wherein the 1maging sensor has a diagonal length of at least
5 mm.

20. A method of manufacturing an 1imaging sensor pack-
age, the method comprising:

forming an architected substrate to have openings extend-
ing entirely therethrough from a surface contacting a
bottom surface of an imaging sensor to an opposite
surface thereotf to form local stiflness variations along
an 1n-plane direction of the architected substrate;

coupling the architected substrate to the bottom surface of
the 1maging sensor; and
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curving the imaging sensor with the architected substrate
coupled thereto,

wherein the imaging sensor comprises a detector, the
detector comprising a plurality of light sensing ele-
ments, and 5

wherein the openings 1n the architected substrate overlap
with the light sensing element in a stacking direction

from the architected substrate to the imaging sensor.
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